Recently admixed populations provide unique opportunities for studies related to population history, natural selection, and admixture mapping. 1 The mixed ancestries of chromosomal segments in the genomes of admixed populations, such as African Americans, Hispanic/Latinos or Mexican Americans, can be used for the identification of genetic risk factors for complex traits and diseases showing prevalence differences between populations. [2] [3] [4] [5] In the African continent, one of the populations displaying the highest levels of recent admixture is the now officially self-designated ''Coloured'' population, which mostly resides in the Western Cape region of South Africa. The origins of the South African Coloured (SAC) can be traced historically to the shores of Table Bay in the area that is now Cape Town at a date soon after the Dutch East India Company had established a refreshment station there in 1652. 6 A few well-documented social and demographic events over the generations have fused indigenous Khoi and San (Khoisan), tribal Bantu-speaking populations, European settlers, and slaves' descendants from Java, India, Mozambique, and Madagascar into a highly admixed but discrete ethnic group. [6] [7] [8] Currently, the estimated four million SAC make up roughly 9% of the South African population and form a unique population in which the African, European, and south Asian cultures have contributed to the melting pot. [6] [7] [8] From a genetics point of view, only two recent studies have analyzed the genetic composition of this African population. 9, 10 The first, which analyzed 1,327 nuclear microsatellite and insertion/deletion markers in a large panel of African populations, found that the SAC cluster in intermediate positions between African and non-African populations. 9 On the basis of STRUCTURE analysis, this population showed nearly equal levels (~25%) of four ancestries, namely southern African Khoisan, Bantu-speaking, Indian, and European. 9 Using high-density genomewide genotyping in 20 Coloured individuals and comparing their variation with that of other populations worldwide, the second study concluded that the SAC resulted from a complex admixture process involving at least Bantu-speaking populations from South Africa, Europeans, south Asians, and Indonesians. organization, and gender-biased admixture, [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] that might have influenced human evolution. [11] [12] [13] [14] [15] [16] [17] An additional advantage of these genetic systems is that they are more sensitive to effects of genetic drift because of their up to four-fold reduction in effective population size relative to the autosomes and their lack of recombination, so they present increased resolution in discriminating between closely related populations. In the context of SAC, where various continental gene contributions are expected, the use of the uniparentally inherited markers should be optimal given the deep phylogenetic separation of the mtDNA and NRY lineages between the different continents 12, 17 from which the SAC population originated. 6 Here, we took advantage of the well-resolved phylogenies and strong geographic clustering of mtDNA and NRY lineages 11, 12, 14, 17 to (1) We first defined the maternal ancestry of the SAC population by analyzing a total of 64 mtDNA binary markers, selected on the basis of complete mtDNA genome phylogenies, 17, [28] [29] [30] and sequencing the Hyper Variable Segment-I (HVS-I) ( Figure S1 ; Table S1 ). The 64 binary markers were tested in a hierarchical order ( Figure S1 ) by fluorescence polarization (VICTOR-2TM Technology; Perkin Elmer) or direct sequencing. Variable positions at the HVS-I were determined from positions 16,024-16,383. Sequencing was performed on a 3730xl DNA Analyzer (Applied Biosystems). We used the resulting dataset to place each of the mtDNA genomes into its respective haplogroup (Hg) and to infer the continental and within-continental geographic origin of each of them. Our analyses revealed 43 different Hgs (Table 1) , all known to coalesce prior to the foundation of the SAC population. 17 The To dissect the structure of Hg L0d, we typed 11 markers that are diagnostic of the internal L0d subclades (Figure S1 ). Our analyses revealed that all SAC L0d lineages can be classified into the three major L0d1, L0d2, and L0d3 subclades; L0d2a and L0d1b are the most frequently observed (22% and 17%, respectively, Table 1 ). Overall, the exceptionally high frequency of the different L0d Figure S1 ), according to the rules previously described. 66 The American Journal of Human Genetics 86, 1-10, April 9, 2010 3 subclades among SAC indicates a substantial maternal contribution of the Khoisan people to the foundation of the SAC population. The additional 19% of African maternal lineages observed in SAC comprise the various L0a, L1, L2, L3, L4, and L5 clades (Table 1) , which are thought to have been introduced to South Africa during the recent Bantu expansion. 31, 35 Because today these lineages are also observed in the Khoisan (~40%), 29 ,33,34 they should be seen as lineages of ''pan-African'' origin. Their presence among SAC reflects either direct gene flow from Bantu peoples or indirect Bantu contribution via admixture with the Khoisan, who have received these lineages through their prior admixture with Bantus. 29 In the latter case, the actual maternal contribution of the Khoisan to the SAC population would be up to 79%. The second most important maternal contribution (16.3%) observed among the SAC is of clear south/southeast Asian origin, as attested by the presence of Hgs B4 and B5a, which are mostly observed among East and Southeast Asians, 36 and Hgs M, R, R5, R6, U2b, U2c, and U7, which are instead characteristic of the Indo-Gangetic region 37, 38 ( Figure 1 ; Table 1 observed throughout India at varying frequencies depending on the geographic regions. 37 For example, the M5 samples found among the SAC, which contain the transversion 16265C, have been previously observed in West Bengal, Gujarat, Maharashtra, and Uttar Pradesh among Brahmin and tribal populations. 37 With respect to non-M Hgs, R5 and R6 clearly characterize Indian and Pakistani populations. 38 In our dataset (Table S1 ), we observed five samples belonging to Hg R6 and all sharing the HVS-I haplotype (16129-16266-16318-16320-16362), which has been previously observed in Andhra Pradesh tribal and West Bengal Kurmi populations. 37 Likewise, the exact Hg U7 haplotype 16069-16274-16318T, which we found in four SAC samples, has been previously described in Gujarat, Maharashtra, and western India, and one-step derivatives have been described in Andhra Pradesh. 37 (Table 1  and Table S1 ), which has been previously observed at low population frequencies. 43, 45 This observation might attest to a single female founder's having harbored this Hg, and the lack of internal variation of Hg U5a1 might be explained by the short time period that has elapsed since the founding event when one considers the mutation rate of the mtDNA HVS-I. 46 Thus, the actual contribution of European females to the founding of the maternal gene pool of the SAC might be even smaller than the percentage observed among contemporary SAC.
To define the paternal ancestry of the SAC, we analyzed the Y chromosomes by means of 46 binary markers and 14 short tandem repeats (Y-STRs) ( Table S1 ). The binary markers were hierarchically typed ( Figure S2) by TaqMan assays or direct sequencing, as previously reported. 47 For the microsatellite analysis, the Y-STRs genotyped were DYS19, DYS385a, DYS385b, DYS388, DYS389I, DYS389II, DYS390, DYS391, DYS392, DYS393, DYS426, DYS437, DYS438, and DYS439. PCR products were electrophoresed on a 3730xl Genetic Analyzer (Applied Biosystems), and fragment lengths were converted to repeat number by the use of allelic ladders. Genotyping of binary markers yielded a total of 21 different Hgs (Table 2) , and as for mtDNA lineages, all these Hgs are known to coalesce prior to the foundation of the SAC population. 47 In contrast with mtDNA results, the sub-Saharan African paternal component of the SAC was almost half (45.2%) that (Table S1 , Tables 1 and 2 ).
observed on the maternal side (79%, Figure 1 ). This component was clearly dominated by the pan-African Hg E-M2, which constituted 24.1% of the entire variation. Hg E-M2 is restricted to sub-Saharan African populations; it reaches the highest frequencies (up to 90%) across Bantuspeaking groups 48 and varies in its distribution among Khoisan groups (~40%). 33, 34, 49 (Table 2) . Unlike the negligible European maternal component (<5%), the paternal contribution of West Eurasian lineages [51] [52] [53] to the SAC turned out to be very important (>32.5%) ( Figure 1 , Table 2 ). This is attested by the presence of Hgs R-M343 (18%), I-M170 (8.8%), R-M17 (5.3%), E-M78 (2.2%), T-M70 (1.7%), G-M201 (0.9%), and J-M304 (0.9%). Specifically, the most predominant West Eurasian lineage was Hg R-M343, which is by far the most frequent among Western Europeans, particularly along the Atlantic coast, and is also sporadically observed in the Near East and north and sub-Saharan Africa. 54 To further localize the geographic origin of the SAC Hg R-M343 chromosomes, we compared their internal STR haplotype variation (Table S1) Figure 1 and Table 2 ). F-M89 (xM201, M69, M170, M304, M9) (6.1%), H-M69 (2.2), and R-M124 (1.3%) are primarily associated with Indian populations, 58, 62 and O-M122 (3.5%), O-M119 (1.7%), K-M9 (x M20, M186, LLY22 g, M175, M45, M70) (1.3%) and O-M95 (0.9%) are mainly found in southeast Asian populations, including China. 59, 61 The STR haplotype profiles associated with each of these Hgs were clearly consistent with Indian and southeast Asian geographic origins, respectively. Similar to the maternal component, the paternal southeast Asian lineages could have been introduced into the SAC population from Madagascar, via their prior existence among Malagasy. 42 Taken as a whole, both the mtDNA and NRY Hg profiles observed among the SAC population are concordant with a highly admixed population but also reveal exceedingly unbalanced gender-specific continental and within-continental genetic contributions. Indeed, our analyses indicate sharp and significant gender-related differences in the European and African contributions to the SAC (Figure 1 ) (c 2 test, p < 10 À15 ). The maternal European contribution turned out to be negligible (~5%), whereas its paternal counterpart is very high (at least 32.4%) and similar in size to the African component ( Figure 1 and Tables 1  and 2 ). Conversely, the maternal African contribution (79%) was almost two-fold the paternal contribution (45%). It is worth elaborating on this African component observed among the SAC. On the maternal side, at least 76% of the African variation (i.e., 60% of the total variation, namely the presence of the different L0d subclades) directly derives from the Khoisan. On the paternal side, although our phylogeographic data attest to some Khoisan and Bantu-specific contributions, a large nonspecific panAfrican component cannot be fully resolved because of limitations of the current NRY phylogeny and of comparative databases. An additional intriguing observation is the lack of the Khoisan Hg L0k among the SAC people. Vigilant et al. 32 reported sharp differences in the occurrence of Hg L0k in the !Xun and !Kung populations; it was 26% in the former but only 4% in the latter. Therefore, the possibility that L0d and L0k have a within-Khoisan structure is likely and might suggest that only some of the Khoisan peoples contributed to the SAC population.
To illustrate the gender-biased admixture depicted by our phylogeographic analysis and to understand the position of the SAC in the context of a global set of putative parental populations, we next used multidimensional scaling (MDS) analysis (Figure 2 ). Using Hg frequencies of mtDNA and NRY in the SAC as well as in five parental metapopulations (Khoisan, Bantu, Europeans, Indians, and southeast Asians; see legend of Figure 2 for details on the specific populations used), we calculated genetic distances by means of the DJ software as previously described 63 and visualized them in the form of an MDS plot by using Statistica 6.0 software. On the maternal side, the SAC population clustered with the Khoisan, and its position is clearly separated from the rest of the populations, including the African Bantus (Figure 2A ). In contrast, the NRY-based MDS plot positions the SAC in an intermediate location between African, European, and south/southeast Asian populations ( Figure 2B ). To formally assess the impact of the various continental and within-continental contributions to the SAC, we carried out admixture analysis with the coalescent-based mY estimator, which takes into account allele frequencies and molecular information, 64 as implemented in Admix 2.0, 65 and treated the SAC as a hybrid of five parental populations. Mean admixture proportions and standard deviations for each component are represented schematically in Figure 3 . This analysis found that the highest mean proportion of maternal ancestry of the SAC corresponds to the Khoisan, whereas the highest mean proportion of paternal ancestry corresponds to Europeans, followed by the Khoisan. It is worth noting that our MDS and admixture analyses are in contrast to each other with respect to the African paternal origin of the SAC; the former positions the SAC somehow closer to Bantus ( Figure 2B ), whereas the latter indicates a Khoisan origin (Figure 3 ). This apparent contradiction most likely results from the current phylogeographic limitations in discriminating between the Khoisan-and Bantu-specific parts within the more general pan-African paternal component, highlighting the general need for studies aiming to improve the resolution of the NRY pan-African phylogeny. This study reveals several trends, which shed light on the mode in which this admixed population was recently founded. First, three major continental genetic contributions-African, European and Asian-are clearly visible. Second, more European males and African females than European females and African males were involved in the foundation of the population, whereas the south Asian contribution appears to be similar from both sexes. Third, there is an overwhelming contribution of Khoisan peoples to the gene pool of the SAC. Fourth, although the different continental contributions are more equally distributed within the SAC on the paternal side, the maternal counterpart is strongly skewed toward an African, mainly Khoisan, origin. These conclusions add to current genetic knowledge of the SAC by unequivocally identifying the gender-specific differential contributions to this population and by directly linking the contemporary SAC to the Khoisan. Interestingly, contemporary demographic data from the South African population census, combined with the known Hg L0d frequencies observed among the The five metapopulations used as putative parental populations include Europeans, Indians, Khoisan, Bantu speakers, and southeast Asians. The European dataset included British, French, Dutch, German, and Austrian populations; the Indian dataset included populations from the Bengal Bay coast (Sri Lanka, Bangladesh, and eastern states of India); the Khoisan dataset included all available Khoisan data; the Bantu dataset included Bantu-speaking populations from South Africa and central Africa; and the southeast Asian dataset included populations from the Malay Peninsula, Sumatra, Java, and neighboring smaller isles. Because different individuals and populations have been analyzed for mtDNA and NRY, sample sizes from these metapopulations differ between the two analyses. Sample sizes of European, Indian, Khoisan, Bantu, and southeast Asian populations were, respectively: n ¼ 6092, n ¼ 1246, n ¼ 298, n ¼ 459, and n ¼ 616 for mtDNA and n ¼ 353, n ¼ 766, n ¼ 122, n ¼ 499, and n ¼ 66 for NRY. The lower population sample sizes for the NRY data result from the nonoverlapping nature of the markers used in the different studies. These comparative data were obtained from the MURKA database, compiled from published sources by O. Balanovsky, V. Zaporozhchenko, R. Sychev, A. Pshenichnov, and E. Balanovska. (Figure 2) . Time of the initial admixture event was set to 400 years, and standard deviations were calculated on the basis of 10,000 bootstraps.
SAC and Khoisan, suggests that the majority of individuals currently carrying the Khoisan-specific L0d clade actually belong to the SAC rather than to the Khoisan. This demonstrates the successful survival of a globally rare and deeprooted mtDNA Hg in a recently admixed population.
More generally, our genetic data extend and support current knowledge from historical records describing the common phenomenon of miscegenation due to sexual encounters between European male settlers, mainly from the Netherlands, Britain, Germany, and France, or male slaves and autochthonous Khoisan women. 6 This is not surprising in view of the singular shortage of European women and the reports stating that the proportion of adult male slaves to adult females was up to six to one. 6 A large number of female slaves were given their freedom, and many subsequently married European men after their manumission. 8 Conversely, unions between autochthonous African or southeast Asian slave males and European women were not tolerated. 8 Although Khoisan women were frequently incorporated into the settler households as servants, Khoisan men had no role and were marginalized by the society. 7 Offspring of mixed unions usually became members of the newly emerging community and continued to blend within it, establishing the basis of the contemporary SAC population. 6 In summary, our results indicate that the gene pool of the contemporary SAC is made up of distinct continental and within-continental components, which have participated in the foundation of this recently admixed population in a strong gender-biased fashion. This pattern within the microcosm of the SAC community reflects the plethora of cultures, languages, and religious beliefs practiced in South Africa, which hosts ethnically diverse populations. Anecdotally, it is noteworthy that the three most frequent combinations of paired paternal/maternal lineages observed among contemporary Coloured are R-M343/L0d, E-M2/L0d, and O-M175/L0d, capturing the essence and the outcome of the first European, panAfrican, and south Asian encounters with the original Khoisan-speaking peoples of the Cape of Good Hope approximately 350 years ago.
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